BACKGROUND: Predialysis nephrology care for adults with late stage chronic kidney disease (CKD) is associated with improved outcomes. Less is known about the effects of nephrology care in earlier stages of CKD. OBJECTIVE: We aimed to evaluate the effect of nephrology care on management of CKD risk factors and complications, CKD progression, incident cardiovascular disease (CVD), and death. DESIGN: This was a prospective cohort study. PARTICIPANTS: Participants included 3855 men and women aged 21 to 74 years enrolled in the Chronic Renal Insufficiency Cohort (CRIC) Study with a mean (SD) estimated glomerular filtration rate (eGFR) at entry of 45 (17) ml/min/1.73 m 2 , followed for a median of 6.6 years. MAIN MEASURES: The main predictor was self-reported prior contact with a nephrologist at study enrollment. Outcomes evaluated included CKD progression (≥ 50 % eGFR loss or end-stage renal disease), incident CVD, and death. RESULTS: Two-thirds (67 %) of the participants reported prior contact with a nephrologist at study enrollment. They were younger, more likely to be male, non-Hispanic white, and had lower eGFR and higher urine protein (p < 0.05). A subgroup with eGFR 30-< 60 ml/min/1.73 m 2 and prior contact with a nephrologist were more likely to receive pharmacologic treatment for CKD-related complications and to report angiotensin-converting enzyme inhibitor or angiotensin receptor blocker (ACEi/ARB) use. After propensity score matching (for reporting prior contact with a nephrologist vs. not) and adjusting for demographic and clinical variables, prior contact with a nephrologist was not significantly associated with CKD progression, incident CVD or death (p > 0.05). CONCLUSIONS: One-third of CRIC participants had not seen a nephrologist before enrollment, and this prior contact was subject to age, sex, and ethnic-related disparities. While prior nephrology care was associated with more frequent treatment of CKD complications and use of ACEi/ARB medications, there was neither an association between this care and achievement of guidelinerecommended intermediate measures, nor long-term adverse outcomes.
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INTRODUCTION
It is recommended that chronic kidney disease (CKD) patients receive nephrology care before dialysis initiation. Current guidelines recommend specialist referral for individuals with estimated glomerular filtration rate (eGFR) < 30 ml/min/ 1.73 m 2 . 1,2 Absent or late predialysis nephrology care is associated with poorer blood pressure (BP) control, worse biochemical parameters, and lower receipt of permanent vascular access among patients at dialysis initiation. 3, 4 Furthermore, patients with CKD who are referred late to nephrologists (less than 3-4 months before initiation of dialysis) have been shown to have higher mortality in the first 3, [5] [6] [7] or second 8, 9 year after initiation of dialysis. Less is known about the benefits of receiving nephrology care in earlier CKD stages. Several studies have shown that outpatient nephrology care may result in slowing kidney function decline and/or improving survival. [10] [11] [12] [13] [14] However, these reports are limited by small sample sizes, lack of racial/ ethnicity diversity, retrospective design or short duration of follow-up. The purpose of this study was to characterize current patterns of nephrology care and to examine the effect of nephrology care on management of CKD risk factors and complications, CKD progression, incident cardiovascular disease (CVD), and death among Chronic Renal Insufficiency Cohort (CRIC) Study participants. We hypothesized that receipt of nephrology care will be associated with lower risk of CKD progression, CVD events and all-cause mortality, and that this association would in part be due to earlier implementation by a nephrologist of guideline-recommended therapies such as BP management.
MATERIALS AND METHODS

Study Population
The design, methods and baseline characteristics of CRIC participants have been previously published. [15] [16] [17] The CRIC Study recruited 3939 adults from May 2003 to June 2008, aged 21-74 years, with mild to moderate CKD from general medicine and specialty clinics at seven clinical centers across the U.S. (Ann Arbor, Michigan; Baltimore, Maryland; Chicago, Illinois; Cleveland, Ohio; New Orleans, Louisiana; Philadelphia, Pennsylvania; and Oakland, California). Participants were followed with annual in-clinic visits and interim telephone contact. Exclusion criteria included inability to consent, institutionalization, pregnancy, and certain chronic conditions. [15] [16] [17] The study protocol was approved by Institutional Review Boards of participating centers and is in accordance with the principles of the Declaration of Helsinki. All study participants provided written informed consent.
Prior Contact with a Nephrologist
Prior nephrology contact was determined at study entry by answering Byes^to the question: BHave you ever seen a nephrologist or kidney doctor?^In addition, we evaluated continuity of nephrology care among participants with a compelling indication for specialist referral (i.e., eGFR < 30 ml/min/1.73 m 2 or urine protein ≥ 3 g/ day). 1, 2 To ascertain continuity of nephrology care, the following question was asked during each annual visit: BSince the last CRIC visit, did you see nephrologist/ kidney doctor or any other doctor/health professional(s) for your kidney problems?^Answering Byes^to that question triggered the following question: BSince the last CRIC visit, how many times did you see a nephrologist/kidney doctor for your kidney problems?T aking into account reported visits to nephrologist/ kidney doctor (not primary care providers or other specialists), we classified continuity of nephrology care as follows: persons who reported nephrology contact at least once per year during follow-up (100 % continuity of nephrology care); participants who reported nephrology contact during most but not all follow-up visits (continuity of nephrology care 51-99 %); and those who reported nephrology contact during less than half of the follow-up visits (continuity of nephrology care≤50 %).
Outcomes
In cross-sectional analyses, prior nephrology contact at study entry was the outcome of interest. We also examined achievement of CKD management guideline measures at baseline, including BP level, laboratory parameters (bicarbonate, phosphate, parathyroid hormone and hemoglobin) and use of angiotensin converting enzyme inhibitors or angiotensin receptor blocker (ACEi/ARB [18] [19] [20] For longitudinal analyses, we evaluated the following outcomes: 1) CKD progression [50 % eGFR decline from baseline, or end-stage renal disease (ESRD, initiation of dialysis therapy or kidney transplantation)]; 2) incident CVD (myocardial infarction, heart failure, stroke, or peripheral arterial disease) and 3) all-cause death. Ascertainment of time to eGFR halving was imputed assuming a linear decline in kidney function between in-person annual visit measures for time-toevent analyses. Ascertainment of ESRD was supplemented by cross-linkage of participants with the US Renal Data System. CVD events were adjudicated by physician reviewers. 15 Deaths were ascertained from next of kin reports, death certificates, hospital records, and linkage with the Social Security Death Master File. Participants were followed up until the occurrence of death, voluntary withdrawal, or 31 March 2012.
Covariates
Sociodemographic characteristics (age, gender, race/ethnicity, annual household income, educational attainment, health insurance, smoking status), medical history and medications were self-reported at entry. BP and anthropometric measures were obtained using standard protocols. 16 Hypertension was defined as systolic BP ≥ 140 mmHg, diastolic BP ≥ 90 mmHg, or use of antihypertensive medications. History of CVD was defined as self-reported coronary heart disease (myocardial infarction or prior revascularization), heart failure, peripheral arterial disease, or stroke. Dyslipidemia was defined as fasting total cholesterol ≥ 240 mg/dl, low density lipoprotein ≥ 160 mg/dl, high-density lipoprotein ≤ 40 mg/dl, triglycerides ≥ 200 mg/dl, self-reported high cholesterol, or use of lipidlowering medication. Diabetes was defined as fasting glucose ≥ 126 mg/dL, random glucose ≥ 200 mg/dL, or use of insulin or anti-diabetic medication. GFR was estimated using a CRIC equation. 21 Proteinuria was measured from 24-hour urine collection at baseline.
Statistical Analysis
Descriptive statistics were summarized as mean (SD) for continuous variables and frequency (proportion) for categorical variables. For skewed data distributions, natural logarithmic transformations were conducted, and/or data were presented as median (interquartile intervals). Chi-squared and analysis of variance were used to compare categorical and continuous variables, respectively. Logistic regression was used in cross-sectional analyses to determine factors associated with prior nephrology contact adjusted for demographic and clinical factors chosen based on prior literature. [22] [23] [24] In longitudinal analyses, Cox proportional hazards models were used to examine the association of prior nephrology contact and outcomes. For the outcomes of CKD progression and incident CVD, death was treated as a censoring event. To minimize potential bias and confounding introduced by nonrandom assignment of participants to prior nephrology contact, a matched propensity score approach was utilized. A propensity score for the probability of prior nephrology contact was calculated for each participant using a logistic regression model incorporating demographic and clinical characteristics listed in Table 2 . We matched 925 participants who reported prior nephrology contact with the nearest propensity-matched participant who did not report such contact using a greedy algorithm with a pre-specified 0.02 caliper distance, which corresponds approximately to matched pairs that are within 1 % SD of the propensity score. The success of propensity score matching was assessed using standardized differences for each covariate between the matched groups.
The primary analysis used a Cox proportional hazards model stratified by this matched pair sample. In addition, we conducted the following sensitivity analyses: 1) we used Cox proportional hazard models to evaluate the association of prior nephrology contact with each outcome by adding the propensity score in the fully adjusted model as a covariate; 2) for the outcomes of incident CVD and all-cause mortality, we conducted multivariable regression analyses censoring at the time of ESRD; 3) we repeated the main regression analyses censoring at a follow-up time of 3.6 years instead of 6.6 years; and 4) for each outcome, we evaluated the effect of timing of nephrology contact prior to study enrollment (i.e., initial nephrology contact≥ 1 year before baseline visit, initial nephrology contact<1 year prior to baseline visit, or no prior nephrology contact). All hypothesis tests were two-sided with 0.05 alpha level. Regression models were adjusted for clinical center. The Supremum test was used to evaluate the Cox's models proportionality assumption. 25 Statistical analyses were conducted using SAS, version 9.3 (Cary, NC).
RESULTS
Cohort Characteristics
After exclusion of 73 participants with missing data regarding prior nephrology contact and 11 participants with eGFR < 15 ml/min/1.73 m 2 at study entry, we studied a total of 3855 CRIC participants. Their mean (SD) age at baseline was 58 (11) years, 55 % were male, and 42 % were non-Hispanic white ( Table 1 ). The 67 % of participants who reported nephrology contact prior to study entry were more likely to be male and to have health insurance; and had lower eGFR and higher urine protein excretion compared with those who did not report such contact. A comparison of demographic and clinical characteristics between propensity score matched pairs is presented in Table 1S (supplementary material).
Baseline Factors Associated with Prior History of Contact with a Nephrologist
In multivariable logistic regression analyses, increasing age and body mass index (BMI), female sex, Hispanic ethnicity and diabetes were associated with lower odds of prior nephrology contact, while health insurance and high school education or higher were associated with higher odds of such contact. Lower eGFR and higher proteinuria were also associated with significantly higher odds of prior nephrology contact ( Table 2) .
Continuity of Nephrology Care
Among the 1019 participants with either eGFR 15 
Management of CKD by Prior Nephrology Contact
Among participants with baseline eGFR 15-<30 ml/min/ 1.73 m 2 , those who reported prior nephrology contact (compared with those who did not) were more likely to have serum bicarbonate and phosphorus treated and at goal (Table 3) . There were no significant differences in achieving the guideline-recommended goals for systolic BP, iPTH or hemoglobin by prior nephrology contact, regardless of eGFR strata. (Table 3 ). Similar patterns of higher ACEi/ARB use by prior nephrology contact were observed across strata of proteinuria (> 0.3 vs. ≤ 0.3 g/24 hr, data not shown).
Influence of Prior Contact with a Nephrologist on Outcomes
During a median length of follow-up of 6.6 years we observed 816 ESRD events, 846 CVD events (744 prior to ESRD), and 707 deaths (493 prior to ESRD). Participants who reported prior nephrology contact were more likely to experience CKD progression, incident CVD, and death during the follow-up period. The unadjusted event rates (per 100 person-year) in participants with prior nephrology contact compared with those without it were 7.5 vs. 3.5 for CKD progression (p<0.001); 4.6 vs. 3.4 for incident CVD (p<0.001); and 3.3 vs. 2.4 for all-cause death (p<0.001) ( Figure 1S , supplementary material). However, in Cox proportional hazards models using propensity score matched pairs, prior nephrology contact, compared with no such contact, was not associated with CKD progression (hazard ratio (HR) 1.21; p=0.4), CVD events (HR 1.20; p=0.3), or death (HR 0.83; p=0.3) (Fig. 1) . Results obtained from sensitivity analyses were similar to those from the main analyses. Specifically, using propensity score as a covariate in fully adjusted Cox proportional models did not alter the results (data not shown). In analyses of incident CVD and all-cause mortality where ESRD was treated as a censoring event, the results were also unchanged. Censoring at a shorter follow-up time produced similar results. Additional sensitivity analyses evaluating timing of prior nephrology contact showed no significant association between prior nephrology contact and the outcomes studied (data not shown). The proportionality assumption of Cox models was met.
DISCUSSION
In a large and diverse cohort of adults with CKD, one-third reported not seen a nephrologist in the year prior to study entry. We observed significant sociodemographic disparities in prior nephrology contact. Despite accounting for severity of CKD, participants who were older, female, Hispanic, and had lower educational attainment were significantly less likely to report prior nephrology contact. Even though prior nephrology contact was associated with a higher prevalence of treatment for CKD complications and use of ACEi/ARB, there were no consistent differences in achievement of guidelinerecommended goals across the range of eGFR studied. In adjusted analyses, prior nephrology contact was not associated with CKD progression, incident CVD or death. Similar to our findings, other studies have reported suboptimal prevalence of nephrology care as well as sociodemographic disparities in nephrology care referral. In a single-center retrospective study of 268 stage 3-4 CKD patients, those without nephrology referral were more likely to be ≥ 65 years, female and non-white. 26 Furthermore, among over 400 geriatric ambulatory patients with mild to moderate CKD, only 8.8 % were referred to a nephrologist. 27 In contrast, in a study of 135 patients initiating dialysis, no association was found between age, gender or race and timing of nephrology referral, but private health insurance conferred a higher odds of nephrology referral compared with Medicare. Factors that might influence primary care providers' (PCP) referral of patients with CKD to nephrologists are not well understood. Although specific characteristics of PCP does not appear to play a role, 28 insufficient awareness of guidelines recommendations for CKD management and nephrology referral has been identified as a potential explanation for low referral rates. 26, 29 In addition, it is possible that certain patient-level factors play an important role including lack of initiative to schedule a nephrology appointment or adherence to scheduled appointments.
Given that we did not observe a difference in CKD treatment goals achievement, it is not surprising that we failed to find a significant association between prior nephrology contact and outcomes. Similar to our findings, the Kidney Early Evaluation Program reported no significant independent association between mortality and nephrology care in participants with eGFR <60 ml/min/1.73 m 2 . 23 Moreover, a large U.S. study reported no substantial improvement in 1-year survival rates after dialysis initiation despite a consistent trend toward increased use of nephrology consultation in older patients approaching ESRD. 30 In contrast, three small studies conducted outside the U.S. found nephrology care to be associated with better kidney function preservation. [12] [13] [14] In two separate studies of U.S. Veterans with CKD, nephrology care was associated with a reduced risk of death, and regular frequent visits were associated with the lowest risk. 10, 11 A potential explanation for these heterogeneous findings is that patients with severe terminal medical conditions (e.g. active cancer, advanced liver cirrhosis) were excluded from the CRIC Study. These types of patients have shorter lifespans and high mortality, and are generally not referred for nephrology consultation in clinical practice. In prior studies, such patients would be captured in the non-nephrology care comparison group, which would increase the likelihood of observing lower mortality in patients receiving nephrology care. Hence, the failure to include these severely ill patients in the CRIC Study may have resulted in a relatively lower mortality rate in our nonnephrology care group, and may have biased against an observed mortality benefit from nephrology care.
Although CRIC participants with prior nephrology care had a higher use of ACEi/ARB, they did not have consistently higher attainment of guideline-recommended goals. While a few existing studies have noted that adherence to clinical guidelines is suboptimal overall, 31,32 nephrology care has been generally associated with better control of hypertension, anemia, and calcium-phosphorus metabolism. [12] [13] [14] [33] [34] [35] However, others have not observed a benefit of nephrology care on these parameters and have found such care to vary substantially among nephrologists. 11, 36 Several reasons may account for our observations. First, the overall achievement of guideline-recommended goals was high in the CRIC Study, and therefore significant differences between patients with and without nephrology care may be difficult to appreciate. Second, patient-centered factors such as access to healthcare services (e.g., medication co-payments, transportation) likely impact these outcomes, but are not available in our data. Lastly, despite stratifying by eGFR, other factors reflecting disease severity (e.g., difficult to control hypertension) that impact our outcomes may be worse in the referred population and introduce selection bias into our analyses.
Strengths of this study include the large sample size and the racial/ethnic diversity of the CRIC Study, as well as the availability of a wide range of clinical measures. However, in addition to the issues discussed above, our study has limitations. First, although we conducted propensity score matched analyses to attenuate confounding by indication bias (i.e., referral to a nephrologist due to worse kidney function and hematologic/metabolic parameters), residual confounding might remain. For example, we were unable to adjust for the number of nephrology visits prior to study enrollment. Second, it is possible that nephrology care ascertainment with a self-administered questionnaire, and not confirmed by insurance claims or other means, led to recall bias and misclassification of the exposure. Lastly, the ascertainment of nephrologist care by presence or absence of clinical visits is only a crude marker of the patient-physician interaction; data regarding other potentially significant variables including visit length and patient satisfaction were not collected. Moreover, we did not have enough information at the baseline visit regarding medical care provided by PCP.
In summary, one-third of CRIC participants reported not seen a nephrologist prior to enrollment, and this prior contact was subject to age, sex, and ethnic-related disparities. While prior nephrology care was associated with higher ACEi/ARB use, there was no significant association between nephrology care and long-term outcomes. Further observational studies with longer follow-up time as well as qualitative research studies that examine nephrologist-patient clinic visit interactions in greater detail would be important to better determine the relevance of nephrology care in earlier stages of CKD.
